Glucose requirements of an activated immune system in lactating Holstein cows.
Accurately quantifying activated immune system energy requirements in vivo is difficult, but a better understanding may advance strategies to maximize animal productivity. Study objectives were to estimate whole-body glucose utilization following an i.v. endotoxin challenge. Lactating Holstein cows were jugular catheterized and assigned 1 of 3 bolus treatments: control (CON; 5 mL of saline; n = 6), lipopolysaccharide (LPS)-administered (LPS-C; 1.5 μg/kg of body weight; Escherichia coli 055:B5; n = 6), and LPS + euglycemic clamp (LPS-Eu; 1.5 μg/kg of body weight; 50% glucose solution infusion; n = 6). After LPS administration, blood glucose was determined every 10 min and glucose infusion rates were adjusted in LPS-Eu cows to maintain euglycemia for 720 min. Blood samples were obtained 180, 360, 540, and 720 min postbolus for further analysis. Cows were milked 360 and 720 min postbolus. Blood glucose was increased 84% in LPS-administered cows for up to 150 min postbolus; thereafter, circulating glucose was decreased 30% in LPS-C relative to LPS-Eu and CON cows. Mild hyperthermia (+0.5°C) occurred between 30 and 90 min postbolus in LPS-administered relative to CON cows; thereafter, rectal temperature did not differ between treatments. Milk yield and lactose percentage were decreased 80 and 11%, respectively, in LPS-administered relative to CON cows. Circulating insulin was increased 4 fold and nonesterified fatty acids, β-hydroxybutyrate, and ionized Ca were decreased ∼50% in LPS-administered compared with CON cows. Plasma l-lactate, haptoglobin, and serum amyloid A increased ∼160, 260, and 75%, respectively, in LPS-administered relative to CON cows. Overall, LPS-binding protein was increased 87% in LPS-administered relative to CON cows; however, at 720 min, it was decreased 25% in LPS-Eu compared with LPS-C cows. White blood cell count decreased ∼90% in LPS-administered cows at 180 min and progressively increased to ∼50% of CON values by 720 min. Total glucose deficit during the 720 min following LPS administration was calculated as the decrease in the amount of glucose required to synthesize milk (due to the decrease in milk yield relative to prebolus levels) plus the amount of glucose infused to maintain euglycemia (in LPS-Eu cows only) and was 461, 1,259, and 1,553 g for CON, LPS-C, and LPS-Eu cows, respectively. Our data indicate an acutely activated immune system uses >1 kg of glucose within 720 min and maintaining euglycemia did not rescue milk synthesis.